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QE/C 69-968

REPORT BRIEF
RESULTS OF GENERAL PERFORMANCE TESTS
OF
20 AMPERE-HOUR SEALED NICKEL-CADMIUM CELLS
MANUFACTURED BY
GENERAL ELECTRIC COMPANY

Ref: (a) National Aeronautics and Space Administration Purchase
Order Number W12,397
(b) NASA 1tr BRA/VBK/pad of 25 September 1961 w/BUWEPS first
end FQ-1:WSK of 2 October 1961 to CO NAD Crane
(c) NASA memo ERS of 27 June 1967 to NAD Crane
(a) Grummen Aircraft Engineering Corporation OAO Project
memorandum 64-108 of 30 November 196k

I. TEST ASSIGNMENT BRIEF

A. TIn compliance with references (a) and (b)5 evaluation of
sealed nickel-cadmium cells was begun on 21 January 1969 according
to the program outline of reference (c). Environmental tests were
conducted according to reference (d) on four of the five cells tested.
Only four cells were available at the time of the scheduled environmental
test. When the fifth cell (529-094) was available, Goddard Space Flight
Center instructed this activity to place the cells on test immediately--
eliminating the environmental test for the fifth cell.

B. The object of this evaluation program is to gather specific
information concerning sealed nickel-cadmium cells designed for use
in spacecraft. Iuformation concerning the performance characteris-
tics and limitations under various electrical and environmental
conditions will be of interest to power system designers and users.

C. Five cells were purchased by the National Aeronautics and
Space Administration (NASA) from the General Electric Company,
Gainesville, Florida. These cells are rated at 20 ampere-hours by the
manufacturer.

IT. SUMMARY OF RESULTS

A. The four cells subjected to the environmental tests (vibrationm,
mechanical shock and acceleration) were capable of withstanding all
the requirements. The one cell omitted from the environmental testing
showed no significant capacity or voltage difference from those cells
that experienced the testing.
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B. Charge and Discharge Voltage Characteristics:

1. The most efficient charge rate at each of four tempera-
tures was obtained by a series of tests; the series included a
total of 28 different combinations of charge rate and temperature
variations while the discharge rate was held constant at c/2.
The following table summarizes the charge rate and end~of-charge
voltage characteristics which delivered the maximum capacity at
each temperature.

End-~of-Charge Max Capacity
Charge Cell Aux Electrode
Temp Rate Voltage Range Voltage Range Ampere-~Hours
-20° ¢ ¢/10  1.L45 to 1.96  0.013 to 0.501 17.8
0° ¢ 2c 1.42 to 1.78 0.027 to 0.339 19.2
20° ¢ c/1 1.40 to 1.58  0.281 to 0.118 18.2
ho° ¢ e/1 1.36 to 1.52 0.274 to 0.555 17.3

2. The most efficient discharge rate at each of four tempera-
tures was obtained in a series of tests; the series included a total
of 28 different combinations of discharge rate and temperature
variation while the charge rate was held constant at the predeter-
mined rate which gave maximum capacity at each of the four temperatures.
The average AT's (temperature differences from ambient) for the
rates 0/2, c/l and 2c were respectively +1°, +2° and +6° C. The
following table summarizes the discharge rate and end-of-discharge
auxiliary electrode voltage characteristics which delivered maximum

capacity.

End-of-Discharge Max Capacity

Charge Discharge Aux Electrode
Temp Rate Rate Voltage Range Ampere-Hours
-20° ¢ e/10 c/20 0.00k to 0.120 19.4
0° ¢ 2¢ c/20 0.010 to 0.238 19.2
20° ¢ c/1 e/10 0.01k to 0.069 19.1
40° ¢ c/1 c/10 0.018 to 0.283 19.6

C. Overcharge Characteristics:
1. The lower the ambient temperature of the cells, the higher
were the stabilized cell voltages during overcharge. This was true
at each of the seven overcharge rates.

ITI. CONCLUSIONS

A. The data indicates that maximum efficiency could be obtained
from these cells by charging at the 2c rate, discharging between

ii
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the rates of c/lO and c/20, and meintaining an ambient temperature
of 0° C.

B. The maximum signal voltage on the auxiliary electrode
occeurs under conditions practically opposite that of maximum
cell efficiency. The charge rate should be c/lO; the discharge
rate should be 2c¢; and the ambient temperature should be L40° C to
obtain the maximum signal voltage.

C. Cell voltage, on charge, increases as anbient temperature
decreases~--no exceptions.

iii
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RESULTS OF GENERAL PERFORMANCE TESTS
OF
20 AMPERE~HOUR SEALFD NICKEI~-CADMIUM CELLS
WITH AUXILIARY ELECTRODE
MANUFACTURED BY
GENERAL, ELECTRIC COMPANY

I. INTRODUCTION

A, The General Performance Tests on five cells were begun on
21 January 1969 and completed on 19 April 1969. Only four of the
five cells experienced the environmental tests of vibration, shock
and acceleration. Cell 529-094 was not available for scheduled
environmental testing. Due to urgent need for data in relation to
the OAO program, this activity was instructed by Goddard Space Flight
Center to immediately begin electrical tests when the fifth cell was
available. This eliminated rescheduling delays.

IT. TEST CONDITIONS

A. These tests were performed at existing relative humidity
and atmospheric pressure, and at four specific temperatures. The
tests and test temperatures were as follows:

1. Random vibration at room ambient temperature.

~

. oliwsoldai vivration at room ambient temperature.
3« Mechanical shock at room ambient temperature.
k., Acceleration at room ambient temperature.

5. Charge and discharge voltage characteristics at various
specified charge rates at -20° C, 0° C, 20° C and 40° C.

6. Charge and discharge voltage characteristics at various
specified discharge rates at -20° C, 0° C, 20° C and 40° C.

7. Overcharge characteristics at -20° ¢, 0° C, 20° C and
Lo° c.

B. All charging was by constant current to 100 percent of the
menufacturer's rated capacity, c, except for one intermediate cycle
between each of three different phases of testing. These cycles
were performed at room ambient, and the charge was constant current
for 16 hours at the c/lO rate. All discharges were comnstant current
to 0.0 volts.
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TITT. CELL IDENTIFICATION AND DESCRIPTION

A. 'The five cells tested were identified by the manufacturer's
serial numbers 529-094, 529-237, 529-233, 606-003 and 616-003.

B. The cell containers and covers are made of stainless steel.
Both terminals of each cell are insulated from the cell cover by
new expansion joint type ceramic seals and protrude through the
cover as solder type terminals. A stainless steel tab is welded
to the cover as the terminal for the auxiliary electrode which is
welded to the inside of the cell container.

IV, TEST PROCEDURES AND RESULTS
A. Random Vibration Test:

1. Each cell was charged at the c/lO rate for 16 hours,
following which they were individually mounted in a rigid test
fixture attached to the table of an M. B. Electronics Model C-10
vibrator. The amplitude or acceleration was monitored on the test
fixture near the mounting points.

2. Bach cell was subjected to gaussian random vibration
applied to each axis for 8 minutes with the "g-peaks" clipped at
three times the root-mean-square acceleration as specified in the
schedule. The vibration was applied successively to the Z, X and
Y axes. With a cell installed, the control accelerometer response
was equalized with peak-noteh filterization such that the specified
power spectral density (PSD) values were within * 3 db throughout
the frequency band.

RANDOM VIBRATION SCHEDULE

Longitudinal Axis Tateral Axis
Frequency PSD Frequency PsD
Range Level Range vel
Hy g2/Hz Hz g /Hz
15-70 0.030 15-70 0.030
T0-400 0.0225 TO-150 0.0225
400-800 0.0k45 150-2000 0.030
800-2000 0.030
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3. During the applied vibration, the cells were discharged
at the c/2 rate. The discharge current and the terminal voltage
were monitored for evidence of cell malfunction during the applied
vibration. After the vibration test, the cells were visually
examined for evidence of mechanical damage.

L. There was no evidence of damage or malfunction of the
four cells due to the random vibration test.

B. Sinusoidal Vibration Test:
1. TFach cell was prepared as described in paragraph IV.A.Ll.
2. Fach cell was subjected to sinusoidal vibration at a
sweep rate of one octave per minute with two exposures. The vibra-
tion was applied successively to the Z, X and Y axes as specified

in the following schedule.

SINUSOIDAL SWEEP SCHEDULE

Frequency Range Level
Hz
5-8 0.5" D.A.
9-1h Iinear decrease to 0.2" D.A.
15-54 0.2" D.A.
55-2000 30 g's

3. During the applied vibration, the cells were discharged
at the c/5 rate. The discharge current and the terminal voltage
were monitored for evidence of cell malfunction during the applied
vibration. After the vibration test, the cells were visually exam-
ined for evidence of mechanical damage.

k., There was no evidence of damage or malfunction of the
four cells due to the sinusoidal vibration.

C. Mechanical Shock Test:

1. Each cell was charged at the c/lO rate for 16 hours.
The cells were then individually mounted in a rigid test fixture
attached to the Barry Type 16805 Shock Machine.

2. Each cell was subjected to two, half-sine wave shock
pulses of 30 g * 10 percent amplitude in the Z, X and Y axes, The
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time duration of the two pulses were 6 and 12 milliseconds * 10
percent, respectively.

3. During the shock test, the cells were discharged at the
c/2 rate. The discharge current and the terminal voltage were
monitored during the shock test for evidence of malfunction of any
cells. .

4. At the conclusion of the test, the cells were examined
for evidence of mechanical damage.

5. There was no evidence of damage or malfunction of the
four cells due to the mechanical shock tests.

D. Acceleration Test:
1. FEach cell was charged at the ¢/10 rate for 16 hours.
The cells were then individually mounted in a rigid test fixture

attached to the Genisco Model C-159 Centrifuge.

2. Each cell was subjected for 4.5 minutes per direction,
of each axis, to acceleration at the g levels specified below.

G Level Axis
11.3 +X
2.3 Yy, £Z
3.0 -X

3. During the acceleration tests, the cells were discharged
at the c/2 rate. The discharge current and the terminal voltage
were monitored for evidence of cell malfunction during the acceler-
ation test periods.

4. At the conclusion of the tests, the cells were examined
for mechanical damage.

5. There was no evidence of damage or malfunction of the
four cells due to the acceleration tests.

E. Cell Preparation:
1. The five cells were prepared in the following manner

for the charge and discharge voltage characteristics test and the
overcharge characteristics test.
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a. Each cell was restrained between two 1/h-inch steel
plates.

b. A thermocouple was attached between the center of
one outside surface of the cell and the adjacent plate.

c. A 300-ohm resistor was connected between the auxiliary
electrode tab and the negative terminal of each cell. The auxiliary
electrode voltage was monitored across this resistor.

F. Charge and Discharge Voltage Characteristics:
l. At specified charge rates:

a. The cells were discharged at the c/2 rate at room
temperature., Each cell, in turn, was removed from the circuit when
its voltage reached 0.0 volt, and was then shorted for a period of
30 to 60 minutes. The cells were then recharged at the c/lO rate
for 16 hours. Following a 15-minute open circuit stand, the cells
were glven a capacity test discharge at room temperature at the
c¢/2 rate to 0.0 volt as above, and again shorted for a period of
30 to 60 minutes.

b. The cells were then placed in a controlled tempera-
ture chamber and allowed to stabilize at 40O° C.

c. The cells were then recharged at the c/hO rate to
100 percent of the manufacturer's rated capacity. Following a
15-minute stand, the cells were discharged at the c¢/2 rate to 0.0
volt each and shorted for a period of 30 to 60 minutes.

d. Paragraph IV.F.l.c. was repeated for 0/20, c/lO,
c/5, 0/2, c/l and 2c charge rates.

e. Upon completion of the above sequence at L40° C
with the seven charge rates, the tests of paragraphs IV.F.l.c. and
IV.F.1l.d. were repeated at 20° C, 0° C and -20° C.

f. Test Results:

(1) The test results are shown graphically in Figures 1
through 7. Because of the large volume of data, only average values
of the recorded data are plotted. More detailed data is available
upon request. The average values of cell voltages, auxiliary electrode
voltages, and temperature differences (between cell skin and ambient
temperatures) taken throughout the charge and discharge periods for
each fixed charge rate at each of the four ambient temperatures were
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plotted against the corresponding percentage of the manufacturer's
rated capacity. These graphs show the effects of each of the four
ambient temperatures on the cell voltage, the auxiliary electrode -
voltage, the cell temperature, and the ampere-hour efficiency of the
cells discharge at a fixed rate of c/2 following a 100 percent
charge at each of the seven charge rates,

(2) Figure 8 is a summary of the capacities delivered
following each of the seven charge rates to 100 percent of the
manufacturer's rated capacity. Capacities are plotted as a percentage
of the manufacturer's rated capacity. This figure shows that maxi-
mum capacity for all charge rates except c/hO and. c/l were delivered
at 0° C. Maximum capacities for these charge rates were delivered
at 20° C. It also shows for each ambient temperature the charge rate
which will deliver the maximum capacity on the following discharge.
The charge rate that resulted in the maximum delivered capacity at
-20° ¢, 0° €, 20° C and 40° C was ¢/10, 2c, ¢/1, and c¢/1 respectively.

(3) Figure 9 compares the end-of-charge voltage with
the log of each of the seven charge rates. It shows that the maximum
auxiliary electrode signal for the -20° C ambient occurred at the
2c¢ charge rate: 0° C at 2¢, 20° C at ¢/1, and 40° C at ¢/1. The
two lower temperatures give relatively uniform signal increases with
increasing charge rates. However, the two higher temperatures produce
graphs that are roughly mirror images of each other; the 40° C curve
gave a maximum signal voltage at the c/lO rate while the 20° C curve
gave a minimum signal voltage at the c/5 rate.

2. At gpecified discharge rates:

, a. PFollowing the above tests, the cells were allowed
to stablilize at room ambient. The cells were then recharged at the
c/lO rate for 16 hours. Following a 15-minute stand, the cells were
given a capacity discharge at 0/2. Fach cell, in turn, was removed
from the circuit when its voltage reached 0.0 volt and was then
shorted for a period of 30 to 60 minutes.

b. The cells were then allowed to stabilize at 40° (.

. c. The cells were charged at the c/l rate (determined
in paragraphs IV.F.l.c. through IV.F.l.e. to give maximum capacity)
to 100 percent of the manufacturer's rated capacity. Following a
15-minute stand, each cell was discharged at the c/hO rate to 0.0
volt and then shorted for a period of 30 to 60 minutes.

d. Paragraph IV.F. 2.c. was repeated for each of the
c/20, c/lO, c/5, c/?, c/l and 2c discharge rates.
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e. Upon completion of the above sequence with the
seven discharge rates, the tests of paragraphs IV.F.2.c. and
IV.F.2.d. were repeated at 20° C with a c/1 charge rate, at 0° C
with a 2c¢ charge rate and at -20° C with a c/lO charge rate.

f. Test Results:

(1) The results are shown graphically in Figures
10 through 16. The average values of cell voltages, auxiliary
electrode voltages, and temperature differences (between cell skin
and anmbient temperatures) taken throughout the discharge periods
for each fixed discharge rate at each of the four ambient tempera-
tures were plotted against the corresponding percentage of the
manufacturer's rated capacity. These graphs show the effects of
each of the four ambient temperatures on the cell voltage, the
auxiliary electrode voltage, the cell temperature, and the ampere-
hour efficiency of the cells discharged at each of the seven fixed
discharge rates following a charge previously determined to be the
most efficient at each of the four temperatures.

(2) Figure 17 is a summary of the capacities delivered
at the seven discharge rates. Capacities are plotted as a percen-
tage of the manufacturer's rated capacity. It also shows the maximum
capacity delivered at each ambient temperature. The discharge rate
that delivered the maximum capacity at each of the four ambient
temperatures, -20° €, 0° C, 20° C and 40° C was c¢/20, ¢/20, ¢/10 and
c/lO respectively.

3. Figure 18 is a family of curves showing the end-of-
discharge voltage signal for the auxiliary electrode compared to
the log of each of the seven discharge rates. For all temperatures
except 20° C, the signal voltage approached a maximum when the cell
was discharged at the 2c¢ rate. The maximum was reached at the c/l
discharge rate for the 20° C ambient temperature.

G. Overcharge Characteristics:

l. Upon completion of the charge and discharge voltage
characteristics tests, the discharged cells were allowed to stabilize
at room temperature. The cells were then recharged at the ¢/10 rate
for 16 hours. Following a l5-minute stand each cell was given a
capacity discharge at the c/2 rate to 0.0 volt and then shorted for
30 to 60 minutes.

2. Four cells were then allowed to stabilize, one in each
of the four ambient test temperatures (-20° C, 0° C, 20° C and 40° C).
The fifth cell was kept as a spare in the event of a catastrophic
failure. \
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3. The four cells at their respective temperatures were
then subjected to the overcharge sequence listed below:

a. Charge at ¢/10 for 16 hours; wait 1 hour.

b. Charge at c/hO until the cell voltage stabilizes.
c. Charge at c/20 until the cell voltage stabilizes.
d. Charge at c/lO until the cell voltage stabilizes.
e. Charge at c/5 until the cell voltage stabilizes.
f. Charge at c/2 until the cell voltage stabilizes.

g. Charge at c/l until the cell voltage stabilizes.
h. Charge at 2c until the cell voltage stabilizes.

4, A1l charging was at constant current with no voltage
limit.

5. A drop in voltage of 0.05 volt or more from the highest
value observed, or temperatures above TT7° C terminated the tests at
the particular ambient temperature.

6. The results are shown graphically in Figure 19 as a plot
of the cell and auxiliary electrode voltages versus the log of the
charging current. TFigure 20 is a plot of the difference between the
cell temperature and the ambient temperature versus the log of the
charging current.
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DISCHARGE VOLTAGE (V)

ALIOVAVD (EIVE S)¥RENLOVANNVA 40 BOVINEOWAI SA SOTLSTURIOVEVED EOVITOA

g/o IV BOYVHDSIA INIDYAL oo IV EDYVHD INEONAL
06 oL 05 ot 0T 06 oL 0% o€ 01T
0°0 mas mmaal itwna.ii T 21

T T T

T
T
t
T

)
I

@©

o]
™M
—

T
T
1
T

i

60 : _ -

0T

1T

)
n
,-i
(A) TFOVITIOA EDIVHD

2T Seanmasiaus. labguuas"ysunsssoanaas - - T L
NSRS inmENE mmmmn ﬁmm i ]

L

£ P 81

LA - : 00T"0-
i G S S S digms: s O St & m m.mmm. 000°0
Iummmm.: ,m H »_..L 4 ”mmmuw OO.m.Om
e gt e & H 0020 i
= # ootro =
i oono B
Eruang Q
FEEE PR FH oosto g
HHH 0 0% DoOB oom.om
EH O (02 0000 T .
FH 0 0 X $ colog
F 9 o8- U FH oogro—
HEH
D 59U~ : $ 006°0
T : 1 mm e
oY ssier e W s G Gne O
D SO
D TV

D SIV

FIGURE 1



QE/c 69-968

ALIOVIVO QEIVY S ¥TENLOVANNYN J0 HDVINIOYHL SA SOILSTHELOVMVHED HOVIIOA

IV TDUVHOSIA INHOWHJ 0g/° IV EOUVHD INIDWIL
o€ 0T 06 oL 05 o€

0°0 Trrmm - . .
M R B wi) T - t 1
SR : T m ,
1]
T f o s = F
F : 5 = FHEy
. i T 1 T " ru o
20 ot ? ; t €T
o :
e EeE: D b= ; Q
o T e o it i
> g - : .
~ 0] T a3 Eupaa R vas T o , * ¥ T =
s atands : [aas psse aanas ! 4 : &
& : ! t e SRS EN ANy ayuun a e : T 2 Ena ]
& e e B T _ i -
=] . T It o4 . T o 14248 Q
g ot S s T £ s 19T
r 5 T i it 1 i )
g “hih i et : : jasit z
Tt T : SR Ty
= T a st , Ty T &
%] T T - saAwgses o= Fans: e 1 S ateseess iy T
g T : b S easie seaxu : , SR ooy o~
- 1 + (R 1T Tt 8 ~
© T EryaE Sy = e, i o Samae Anase S Lo S
5] + SR TS T Eesareaat,
P < E e , i .
A ST 4, T SIEREENE ot auRa fut Lt
: HEH TS
f F e ;
€1 BT : 7 2°T
Aegadain T
e s = ,"
: ! . ; : -
; ] -+ ged [Cleamiony
T ; -
;
FpAN S n ; o~ 00G°C
e : o
EREeazESoys R : .
T ; e 7 0CT 0
; = :
' 1 I + LW i q
o et ’ ! .
e ; : E ocero
T = pa sy =
: ThaTH I T T
.A I AF t OOT\nOTA
EARRENERIERToRE: gl S8R EAE,
T o3 | s -
i : = 0o om
L 1 : 1 .
L = ! _ : = m 00670
o ; T
-5 T i 1T i O
$o O .0 DODd Fr : T S 009°C g
HMH 0 02 0000 : = e AR 1147 i _ a
funnus! + rar + Oy~
HMH 0.0 XX - = e = Easas 004 OM
SR : L : T :
e D 02 : - e : 008'0=
T juas NagE 1 b 42 i
D S5O~ aasmaedyoa: T : THEH 00670
} g um SR meamnt oi 3
Wy H :mex STl g s
e i 5 o
M P s
: I e N Tt
R v/ + AR T
t e :
: seaas : T :
0 OTV Ty punna: e 4 r i ! e
= T P T 5 : EEFEaax 25 !

0 STV

FIGURE 2.
10



QE/C 69-968

XLIOVAYD QELVE S, ¥TMOLOVANNVI J0 SDVINADYH SA SOTISTHALOVIVED FOVITIOA

g/° IV EDYVHOSIC INZOUEJ 0T/ IV TOUVED INEDWED
06 o)) 08 0t oT 06 0L 0s ot

(e}
(@]
}

(A) TOYITOA EOUVHD

T ; . v T e T ; IT r
¥ T T t f + T T T T FT T T T T
I I i I T T T 1T I L1 T 1T T
I ea s, 1 + 1 1T g t 17 I
3 T + T i L8
1 4 - (8
9 ! ! : : :
9] T + : t t
: Trre T
1 T 4 " L T a
; o = :
1 1 i
\)V i I ER
. ju= T
fu ; f
60 ass T A t ] 1
1 » e ¥ 1 T
Bl i o ]
| & T T T
; -
! T i
& ; : _ :
3 0T : :
+ ; ; ¥
o : ! 458!
= 1 t ax Tif
T ; 7 : T T
: ? T :
nnaw H T 1 : RanmE baal T T T 7
- i H - R F ' 3 | y 1
T ; . a }
; 1 : 1 T Eenat ; : T
} T ; i T T ! t q e }
t 1 A ] : T : t
T T . L o ; 1
O TH : ; : T
2 E T _ : i !
= 5 RanE L e
A 3T ok mai ST e aaa P T ; t r
EEERul Y RNEMSFiNSmESEA. JeEnER H t ! 7 i i
s ERURE mma by Eunan: | Ak A i ; ! . o
SEEaT  SUTaNET KEmEwn.aieudus o :
o T . aay s 1 : T ] T "
T I 1 : T ! + an :
A t T £l
€1 = 5 2 :
§ 9 3 1
: T = H t
it 12
HH i :
: X}
; ;
“ : ® h
i T
71 1 _ g B _ ; ; !
1 4 ¥ s T T 1 T )
I ™ T T T T
T T t ; "
I ; = T
o q4 B -
s ] I FEEmpBRA: : : , n TR
i { t T
Tk 11 : T G 13 : ;
e Tt :
i3 i e T 1 } - T 1 ;
T, e T mEsnias: ! :
k : SatEramams) : i ;
T ) - 1 T F T
: o 7 Y i ;
S t Té : o :
o ; ; > '
] 5 A H 5 FoE
f + !
; s _ , ; ;
T T T i
L ! = X s ;"
; H T T H t
: + : ; ; 1 :
fofagotote ! ! o 1 1 +
aass t ] T i .
{4 T ;
IH 0 O DODD : T - :
Exany T -
HWH D 02 0000 : “ T
piaszn
aumsy
Fot 0 0 XXXX T T +
ARREE . T 1
sanad e .
- . 1
i 0 02 S : :
] = T
7 ]
; t
~ - .
A v : 3
T ;i Hrp
| B
IIIII o ook 7
NV B e T ¥ JMIN u i} i T wEa: T sy aNm
S e NaEA swkua Ba
.21 i
SENE <uLmR ARk
0 5V ;
1
r
D 0TV T
t H T
; RaAEEEm

D STV



QE/C 69-968

0°0

T

DISCHARGE VOLTAGE (V)

a1

€1

D S5V
0 0TV
0 STV

ALIOVAYD QEIVY S, HMMALOVAONYVW J0 EDVIMEOYHEd SA SOLLSTHELOVMVED HOVIIOA

g/° IV TDUVHOSIC INIOJHd ¢/° ¥ EDYVED INIOW
oL 04 o€ ot 06 oL oS

dad
ot

0T

T4 T
@ 7 = = T :
1 T ! i1 ue
T T T
t T
}
t
o ; T
- Amm T : £ T
1. 1 1B a) }
: 1 T
1 H 1
. +
T T
HH o 1 T nagnt
T -
| T +
T -
; - *
t T T o T
+ 1 T T B
T T T +
; T F
15
;
N CETHL 3T R E N -
ﬁﬁ iz W rmnTv EEB RN 0 s :
i MR EEERS ¢y W 2 ux
e ] maREXvRIsaLE !
T T
T Hpe i =
= s -
" - -
i E
m
T £ 4
T
T 7 T
t
s maE mam au
-ummn AR W mERw; o T 1 "
aE - MBS e AR N I " ¥ L | T T
A ERvAnEE mEARN AR AR . T teies
A Bk A nR R M N R waw

8

R
s AAENN TR

et
tNOEINE PN M E R

DvoLov

,Of oo

02 0000

O XXX

0z

228 RERES m Sains AEEas EAses
o= =tk ==5 madsks SRandas e T L b eaen
t = w E gy s waaay T mvens e mam e T axux

nz CEr S R axa =iz r

ST

T

T

(A) FOVIIOA EDYVHD



QE/C 69-968

ALIOVAVD QEIVYE S, HRINIOVANYWN 40 EOVIINEDNE SA SOIESTEELOVEVED EOVITIOA

g/° IV EDUVHDSIC INAQ¥AJ g/° IV HOMVHD INFOYIL
Wm oL 0§ 0¢ 0t 06 oL 04 of ot

T T
T

0°0

T

s
)
1
1T

60 S : H

&
t
t
;
t
1
H

C'T

1 ,

(A) EDVIIIOA EDUVHD

O
—

DISCHARGE VOLTAGE (V)
i

c'T = o L1

T

T
T

us
v
T4t
1L
T
(3
N
1N 3
rmy
N
R
1L

i
T
T
T
AN Y

T
I
T
t

£t

p @.H n
G , E .,

T ; o ~
71 : 00T"0- E
0000

: : AR SE SEaama . EesENis Immms ST AT T b
HEEREH Hal L H R P e B g e i -
TSR e Ran T T " aax . 00T 0
H T o i CHRS O 5 s o
H Fa e H SasEEL limaw: m : : T 00200 m

e o3 )
H o ,on Doon “ 009°0 §
£ o .02 0000 | 10~
o0 ox 00L0g
e 0 05 , 0050

3
o
S

0 59~

HH FEE R R A 3
S =R R AR A s o = AR R N REAN Lo SRR AN . I - R I e
gy 1 e e e nx W L A T T o = aw, mumENC e maE T Tt
H HH H SEREEa - axERy EEEET WRAREEC. . WEEE r g HHH - nEan

0 5%
0 0TV
D STV




QE/C 69-968

ALIOVAYD QEIVY S SMOLOVIANVH J0 EPVINIOME SA SOLISTHELOVIVHD HOVIIOA

g/o IV TDYVHOSI INEDWAZ T/° IV EOUVHD INEOYAJ
Q6 oL 04 ot ot 06 oL 0s o€ 0T

0°0

1 1

eo]
Q
o

i

[e)¥
O

i llynx-
AR v N T
TS PR Tt
t H HH-- H Y
o - - 9 N
0T " eau i EEEE
: HEa R i 5
1 4
. 7
; HH X ma =s
t

p
=l
0
~

(A) TOVITOA FDYVHD

DISCHARGE VOLTAGE (V)

: szuhg R
. .
c'T SESSL TERARRCOEEESS F e 1 &%
HEd - S e i i
Ewnw mam B i f T }
Eake = RERew = ! ;
M ==z ]
ti {

o
—~t
T
i
T
t
I
T
T
1
T

5 I 2T

7T 00T 0~
, 000°0
00T*0

i
1

1
1
|
s
|
waw
L

I8 HA N
T
T
AN A

1)
1
I
¥
(a
Tt
N |
a1
55§
1
7
a4
Tt
Ti
;‘a’
I
2
ru 3
u 3
1
1
)
I
1T
mi |
I
i
il
1
T
T
I
T
1+
T
il
T
ane
1
H:
x|
T
i
1T
3T
T
3T
T
In
1
1
i
)
1
1
3
T
TIIT
ot

Tkt

1

FETEH

i B L 1 | Nl H-H N AR BREE R cii i .
E REERMM I ARBREN N A AN H 35 maua i R L Py ; 1 002°0
§& kaa EAFEREL LERERERL sBEEE EEEns by Eay i g A i T L

XYVITIXNY

H o T T == 00£'0
22 H oono 2
; 7 OOm.om
,Off 0oODB 009°0 §

(R
s
t

Wi
+

it
f
f
f
%
Oef

A

0 XXX : : _—y g

Do OO
°
o) 2
Q
Q
Q
(&3
(]

MU SE TRW AN u ]

0 S9- : i 006°0

+ 1 [P RANE A =
& H et o H e HH Hrrp N e Ees AR
o - — = an R AR £ e R A = L - s AEEL AT L oy o P L
NV = HH --unwuuu T e o T T O G T T NEEELcafEx HE ST T
R EnEA . aEnEEEncaumERE H R HHH H R T P g T e HH

D SV _ ;
D LTV
0 STV

0
awaERNEw

1h

FIGURE 6



QE/C 69-968

XLIOVAVD QEIVY S, ¥MOIOVANNVIH JO TOVINHOWAL SA SOILSTUHLOVIVHD EDVITIOA

2/ IV EOUVHOSIA INIDHES oz @IV FDYVHD INIDEEd

o] ol 08 o€ 0T 06 oL 0¢ o€ 0T
00 T

ST

T T

T
'
1
I
'

g0

€T

O\

o

H
-+
—

T
Tt

L
Ithk

(o]
i
¥

[EaN
—~

T
LIk

~

e
O
1

(A) THVITOA EDIVHD

DISCHARGE VOLTAGE (V)

ja\}
~

EREAE | SaEEeal REmN o ]
SESNT . TERMNN . MSuNE) rHREmNy. Maus L T T
W NEE W 1 puan

oy
—
T
i
0
=)

T
o
!
A
o

&

I
1
T

113

:
.
i
:
:
!
;
;
:
i
i
o
t
H
d
H
f
3
HE

FT
T
T
)

T

i

3

1

2

mE R

ThT
1
1%
{5}
ine
i
i
i
|
T
TIT
LT

” H
HHH

Easast

o

j@)

(4}

o o

ol

1

; 0050

f#=H 0 O DODD 009°0 g
fen 0 (0 0000 & L
B 00 XX -
iy 0 02 Tttt 008°0~

D 49~ ; 0060

Y mmwwu i NE e nmwmwwmmm; mmW St SEES mmwmwwww E T -MWMM SELEEELCIEERESECTastenEn = TR

0 &9 .
O 0TV;
0 LTV




QE/C 69-968

SHLVY HEDYVHD

SELVY HDHVHD SA ALIDVAVO
SELYY HDYVHD INIIDILAY LSOW Jd0 NOILVNTWHLLAC

ALIOVAYD TELVE S, ¥HEMNIOVINNYH 40 INZDEHd
SV g/° IV ALIOVAVD EDUVHOSIA
FIGURE 8

16



QE/C 69-968

ZDYVHD A0 ELVY

SA SOILSTURLOVEVHD HDVIIOA EDUVHD 40 QN4

HOVIVIOA HDUVHO 40 Qi

HAOUTOTTH AMVITIXOV--HOVEIIOA EDUVHD 0 NH

FIGURE 9

N



QE/C 69-968

015° ¢
a10° ¢
a5’ ¢c
_ T e AMB
0.900 : -a5° €
~ 0.800 cee. =20° C
Z 0.700 & XX 0° ¢
= T 0000 20° ¢
5 0.600 pgoo ho° ¢
& 0.500 T e :
=2 .
M 0.400
&
g 0.300 2as
g 0.200
0.100 H
“ 0 ooo? B
-0.100 & 1.4
1.3 ] :: - HHHHH 1.3
o =)
1.2 - e 1.0 EH%
gLl 1.1 S
| @]
z 5
g 1.0 1.o‘§
o : T =
E 009 . 4 O 9 S~
[&]
[4p]
A
0.8 ] 8
0.0 — L P! 0.0

10 20 30 4o 50 60 70 80 90 100
PERCENT DISCHARGE AT c/LO

VOLTAGE CHARACTERISTICS VS FERCENTAGE OF MANUFACTURER'S RATED CAPACITY

FIGURE 10

18



DISCHARGE VOLTAGE (V)

AUXILIARY ELECTRODE
o

QE/C 69-968

015° ¢
a10° ¢
@ a5’ C
- AMB
i T ay i
900 -A5° C
800 .. =20° C
700 XXX 0° ¢
0000 20° G
600 gagn  Lo° ¢
500 L :
400 i
300% - :
200
( {9 "=
100 X
000 & @ i B
100 : 1.k
1.3 1.3
Exshindais ! .
1.2 1.2 %
1.1 1.1 4
S
)
1.0 1.0 2
=
=
0.9 0.9 —
0.8 .8
o .
0.0 i 0.0
10 20 30 4O 50 60 70 80 90 100

PERCENT DISCHARGE AT c/20

VOLTAGE CHARACTERISTICS VS PERCENTAGE OF MANUFACTURER'S RATED CAPACITY

FIGURE 11

19



QE/C 69-968

AUXILIARY ELECTRODE

015° ¢
a10° ¢
as° ¢
o AMB
0.900 -a5° C
0.800 cen. =20° O
0.700 XXX 0° ¢
I 0000 20° C
0.600 ggoo Lo° ¢
0.500 FREHT :
0.400
0.300
0.2007 5
0.100 % .
0.000 B s ES,
-0.100 1.k
103 1’3
g
1.2 1.2 @
=~ B
~ G
o 1.1 1.1
5 g
B [
1.0 1.0 B
: Y E
& =
E 0.9 0.9 ~
(]
[4p]
A
0.8 ] .8
0.0 HH 0.0

10 20 30 o) 50 60 70 80 90 00
PERCENT DISCHARGE AT c/10

VOLTAGE CHARACTERISTICS VS PERCENTAGE OF MANUFACTURER'S RATED CAPACITY
FIGURE 12

20



QE/C 69-968

) a15° ¢
a10° ¢
as5° ¢

: T AMB
0.900 -05° C
Eg 0.800 cee. =20° C
2 0.700 XX 0° ¢
= T 0000 20° C
a 0.600 gooo Lo® ¢
& 0.500 Rausss
| &)
M 0.400
jea]
g 0.300 [
H 0.200 . , ,
E 0.100 : i s
< 0.000 '
-0.100 : 1.k
1.3 L 1.3
! ; ;
1.2 1.2 @
S 5
o 1.1 1.1 &
e =
1.0 1‘0‘%
]
& £l
E 0.9 0.9 =
[ 5]
192
P
0.8 8
i AR
0.0 - 0.0

10 20 30 4 5 60 70 80 90 100
PERCENT DISCHARGE AT c¢/5

VOLTAGE CHARACTERISTICS VS PERCENTAGE OF MANUFACTURER'S RATED CAPACITY

FIGURE 13

21



AUXILIARY ELECTRODE

QE/C 69-968

Lt

@‘l

0000 20°

ouog  bo°

!
;

(@]
i
(@]
8-
T
o
[

7

H )
1
13

=
o

'._l
I_J

o)
(@]

o
\O

DISCHARGE VOLTAGE (V)

O
Qo

0.0
L5 20 30 40 50 60 70
PERCENT DISCHARGE AT /2

80 90

100

r 015° C

810° ¢
a5 C
AMB
-a5° C

‘._5
=

[
w

1.2

l‘l

(A) EOVITOA #DEVHOSIA

VOLTAGE CHARACTERISTICS VS PERCENTAGE OF MAWUFACTURER'S RATED CAPACITY

FIGURE 1L

22



QE/C 69-968

;
A W
1NN W)

cee. =20°

XX
0000

naaoo

OO
20°
Lo°

rQaQQ

o
N
o
S
H%

—H
L
12

AUXILIARY ELECTRODE
o
w
Q
o
b

—
w

£
N
B

'_I
‘_l
T

ot
o

(@)
\O

DISCHARGE VOLTAGE (V)

@]
Co

}

0.0 rrHTE Lref

10 20 30 iTe] 50 60 70
PERCENT DISCHARGE AT c/1

X ar
80

90

100

Al15° ¢
Al10° ¢
a5 ¢C

-05° C

- H ~ - -
. . . . .
o) - n W =

(A) HOVIIIOA FDUVHOSIA

o
\O

o

0.0

VOLTAGE CHARACTERISTICS VS PERCENTAGE OF MANUFACTURER'S RATED CAPACITY

FIGURE 15

23



QE/C 69-968

T 815 ¢
. ::EE . , z . f010° ©
HH 1 [y ] : %‘ : . ’ 650 c
L e ' t AMB
0.900 -a5° ¢
~ 0.800 .. =20° ¢
E 0.700 XXX 0° ¢
- 0000 20° ¢
5 0.600 gago 4o° ¢
& 0.500 : FEHE
(]
M 0.400
jeq]
% 0.300 HH
H 0.200 i B E E &
E 0.100 . - = ﬁ é @L
< 0.000 [
-0.100 1.4
1.3 1.3
.
L2 ' 1 1.2 8@
—~ la_“ 1 N E
5 N C.']
= dal & : 1.1 B
o <
S 1.0 1.0 8
=
% 11 2
E 0.9 : 0.9 ~
(&)
w2
A
0.8 ] .8
0.0 SSEEREEE 0.0

10 ) 30 Lo 50 60 70 80 90 100
PERCENT DISCHARGE AT 2¢

VOLTAGE CHARACTERISTICS VS PERCENTAGE OF MANUFACTURER'S RATED CAPACITY
FIGURE 16

2k



QE/c 69-968

°g

SHLYd HOYVHOSIA

H\o m\o m\o OH\O Om\u Oj\o

oL

08

06

00T

SHLYVY HDYVHOSIA SA ALIOVAVD CELYY 40 LNADHHd
ALIOVAVD WANIXVA J0 NOLLVNIWHZLEC

ALIDVAYD CHLVE S, HHMOLOVANNYH L0 INHOYHI

FIGURE 17

25



SHIVY EDEVHOSIA

QE/C 69-968

]
i

ALVY EHUVHOSIA SA TAOYLOFIA AMYTIIXOV NO HOVIIOA EDYVHOSIA JO0 QNI

000°

0o

00T*

oct-

ont*

09T*

ogT*

00c*

oce’

one®

09e*

oge*

HAOYLOTTE XNV --EOVIION ADYVHOSIC 40 NH

FIGURE 18

26



QE/c 69-968

o i
i

¥
fgdct

RIS BFEPLT

it
i

]

it L 0097
3] v L ;
AL u o0 pm pmmp ﬂﬁ mﬁsoﬂo,ﬂ Al OOH L
! ,zo._”mp peddoxp a8eqToA 9poI30sTH PITUL °S | .
Eet = ©50° ueyy oJow peddoap s9v4TOA *Z - 00g’
= poydes? ST UOTIRUTWISY 0% JOTId =
63 gFeqToA pmm&mﬂ-..noﬁmdﬁanma msoa =

SHIVE HOUVHD

R el |

*SA EDVITIOA TOTVHOMHAO

HDVITIOA HAOMIOWTH XMVITIXOY

HOVIIOA EDYVHOUHAO

FIGURE 19

27



7oA GO°

ueyq agou paddoap s3eqTOA °*2 ,WLr«w,
poydexd ST UCTABUTWISY 02 JOoTad P

388qTOA 189UITY--uoTeuTmISy, dusy i 4

S

1
1
1
f

SELVY EOUVHOEHAO SA HUNLVEAJNLL TIHD

o o © o o
= ™ Q e
HONIHASATA HILVIHINLE

o
N

3
INHTIEAY WOuL D

FIGURE 20

28



COPY NO.
1-6

9-1

12

13

14

15

16

17

18

19

QE/C 69-968
DISTRIBUTION LIST

National Aeronautics and Space Administration, Goddard
Space Flight Center (Mr. Thomas Hennican, Code 716.2),
Greenbelt, Maryland 20771

Hational Aeronautics and Space Administration
(Mr. Ernst . Cohn, Code RHW), Washinaton, D. C. 20546

Hational Aeronautics and Space Administration
(Mr. A. M. Grea Andrus, Code SAC), Washinaton, D. C. 20546

National Aeronautics and Space Administration, Scientific
and Technical Information Division (Winnie M. Morgan,
Code US), Washington, D. C. 20546

National Aeronautics and Space Administration, (Office of
Technology Utilization, Washington, D. C. 20546

flational Aeronautics and Space Administration, Goddard
Space Fliaght Center (Hr. Joseph Sherfey, Code 735),
Greenbelt, Maryland 20771

National Aeronautics and Space Administration, Goddard
S=~~r Flight Center (Mr. Gerald Halpert, Code 7353),
Greenbelt, Maryland 20771

Hational Aeronautics and Space Administration, Lancley
Research Center (Mr. John L. Patterson, }5-472),
Hampton, Virginia 23365

Hational Aeronautics and Space Administration, Langley
Research Center (Mr. M. B. Seyfert, MS-112), Hampton,
Virginia 23365

National Aeronautics and Space Administration, Lewis
Research Center (Dr. Louis Rosenblum, MS 302-1),
21000 Brookpark Road, Cleveland, Ohio 44135

Hational Aeronautics and Space Administration, Lewis
Research Center (Mr. Harvey Schwartz, IS 309-1),
21000 Brookpark Road, Cleveland, Ohio 44135

ilational Aeronautics and Space Administration, Lewis
Research Center (Dr. J. Stewart Fordyce, S 6-1),
21000 Brookpark Road, Cleveland, Ohio 44135



21

22

23

24

25

26

27

28.

29

30

31

32

QE/C 69-968

National Aeronautics and Space Administration, George C.
Marshall Space Flight Center (Mr. Richard Boehme,
R-ASTR-EP), Huntsville, Alabama 35812

fational Aeronautics and Space Administration, Manned
Spacecraft Center (Code EP-5, Mr. W. E. Rice),
Hous ton, Texas 77058

Hational Aeronautics and Space Administration, Ames
Research Center (Code PBS, M.S. 244-2, Mr. Jon Rubenzer),
Hoffett Field, California 34035

National Aeronautics and Space Administration, Electronics
Research Center (Code CPE, Dr. Sol Gilman), 575 Technology
Square, Cambridge, Massachusetts 02139

Jet Propulsion Laboratory (Mr. P. Goldsmith, M.S. 198-223),
4800 Oak Grove Drive, Pasadena, California 91103

Commanding General, U. S. Army Electro Technology Lab.,
Energy Conversion Research Division (MERDC),
Fort Belvoir, Virginia 22060

Commanding General, U. S. Army Electronics Command
(AMSEL-ME-NIMP-TB-2, Mr. A. Frink), Fort Monmouth,
New Jersey 07703

Commanding General, U. S. Arny Weapons Command (Code
AMSHE-RDR, Mr. G. Reinsmith), Rock Island Arsenal,
Rock Island, I1linois 61201

U. S. Armny Natick Laboratories, Clothing and Organic
Materials Division (Mr. Leo A. Spanc), Natick,
Massachusetts 01762

Harry Diamond Laboratories (Mr. Nathan Kaplan), Room 300,
Building 92, Connecticut Avenue and Van Ness Street, N.W.,
Washington, D. C. 20438

Chief of Naval Research (Director, Power Program, Code
473), Havy Department, Washinaton, D. C. 20360

Chief of Naval Research (Code 472, Mr. Harry Fox),
MNavy Department, Washington, D. C. 20360

Director, Naval Research Laboratory (Code 6160,
Dr. J. C. White), Washinaton, D. C. 20390



QE/C 69-968

33 Officer in Charge, Annapolis Division, Naval Ship Research
and Development Center (Code M760, Mr. J. H. Harrison),
Annapolis, Maryland 21402

34 Commander, Naval Air Systems Command (Code AIR-340C,
Mr. Milton Knight), Department of the Havy,
Washington, D. C. 20360

35 Commanding Officer, Naval Weapons Center, Corona
Laboratories (Code 441, Mr. William C. Spindler),
Corona, California 91720

36 Commander, U. S. Naval Ordnance Laboratory lWhite Qak
(Code 232, Mr. Philip B. Cole), Silver Spring,
Maryland 20910

37 Commander, iHaval Ship Engineering Center (Code 61570,
Mr. C. F. Vialotti), Washinaton, D. C. 20360

38 Supérintendent, Naval Observatory (Code STIC, ir. Robert E.
Trumbule, Building 52), 34th and Massachusetts Avenue, N.W.,
Washington, D. C. 20390

39 Commander, Naval Ship Systems Command (Code SHIP-03422,
Mr. Bernard B. Rosenbaum), Department of the Navy,
Washington, D. C. 20360

40 Aero Propulsion Laboratory (APIP-2, Mr. James L. Cooper),
Wright-Patterson Air Force Base, Ohio 45433

/N Air Force Cambridge Research Laboratory (CRE, Mr. Francis
X. Doherty and Mr. Edward Raskind, Wing F), L. G. Hanscom
Field, Bedford, Massachusetts 01731

42 Rome Air Development Center (Mr. Frank J. Mollura, Code
EMEAM), Griffiss Air Force Base, New York 13442

43 National Bureau of Standards (Dr. W. J. Hamer),
Washington, D. C. 20234

44-63 Director, Defense Documentation Center, Cameron Station,
Alexandria, Virginia 22314

64 Aerospace Corporation (Library Acquisition Group),
P. 0. Box 95085, Los Angeles, California 90045

65 AM.F. (Mr, R. A. Knight), 689 Hope Street, Stamford,
Connecticut 06907



66
67

68
69
70
71
72

73

74
75
76
77
78

79

QE/C 69-9638

American University, Chemistry Department (Dr. R. T.
Foley), Massachusetts and Nebraska Avenues, N.W.,
Washington, D. C. 20016

Atomics International Divisioh, North American Aviation,
Inc. (Dr. H. L. Recht), 8900 DeSota Avenue, Canoga Park,
California 91304

Battelle Memorial Institute (Dr. C. L. Faust), 505 King
Avenue, Columbus, Ohio 43201

Bellcomm (Mr. B. W. Moss), 1100-17th Street, N.W.,
Washington, D. C. 20036

Bell Laboratories (Mr. U. B. Thomas and Dr. D. 0. Feder),
Murray Hill, New Jersey 07971

Dr. Carl Berger, 13401 Kootenay Drive, Santa Ana,
California 92705

Burgess Battery Company (Dr. Howard J. Strauss), Foot
of Exchange Street, Freeport, I11inois 61032

C & D Batteries, Division of Electric Autolite Company
(Dr. Eugene Willihnganz), Conshohocken,
Pennsylvania 19428

Calvin College, Science Building (Prof. V. i. .irkse),
3175 Burton Street, S.E., Grand Rapids, Michigan 49506

Catalyst Research Corporation (Dr. H. J. Goldsmith),
6101 Falls Road, Baltimore, Maryland 21209

Communications Satellite Corporation (Mr. Robert Strauss),
1835 K Street, N. W., Washington, D. C. 20036

G. & W. H. Corson, Inc. (Dr. L. J. Minnick), Plymouth
Meeting, Pennsylvania 19462

Cubic Corporation (Librarian), 9233 Balboa Avenue,
San Diego, California 92123

Delco-Remy Division, General Motors Corporation
(Mr. J. A. Keralla), 2401 Columbus Avenue, Anderson,
Indiana 46011

Eagle-Picher Industries, Inc. (Mr. E. P. Broglio),
P. 0. Box 47, Joplin, Missouri 64801



81

82

83

84

85

a7

38

89

90

91

92

93

94

QE/C 69-968

E. I. du Pont Nemours and Company, Engineerinag Materials
Laboratory, Experimental Station, Building 304, (Mr. J. M.
Williams), Wilminaton, Delaware 19898

ESB, Inc. (Director of Engineering), P. 0. Box 11097,
Raleigh, North Carolina 27604

ESB, Inc., Carl F. Norberg Research Center (Dr. R. A.
Schaefer), 19 West College Avenue, Yardley,
Pennsylvania 19067

Electrochimica Corporation (Dr. Morris Eisenberg),
1140 0'Brien Drive, Menlo Park, California 94025

Electromite Corporation (Mr. R. H. Sparks), 2117 South
Anne Street, Santa Ana, California 92704

Electro-Ontical Systems, Inc. (Mr. Martin G. Klein),
300 North Halstead Street, Pasadena., California 31107

Emhart Corporation (Dr. W. P. Cadogan), Box 1620,
Hartford, Connecticut 06102

Dr. Arthur Fleischer, 466 South Center Street, Orange,
New Jersey 07050

General Electric Company, Research and Development Center
(Dr. R. C. Osthoff), P. 0. Box 43, Schenectady,
New York 12301

General Electric Company, Missile and Snace Division,
Spacecraft Department (Mr. K. L. Hanson, Room M-2614),
P. 0. Box 8555, Philadelphia, Pennsylvania 19101

General Electric Company, Battery Business Section
(Mr. 4. H. Roberts). P. 0. Box 114, Gainesville,
Florida 32601

General Electric Company (Whitney Library), P. 0. Box 8,
Schenectady, New York 12301

Globe-Union, Incorporated (Dr. Eugene Y. Weissman),
P. 0. Box 591, Milwaukee, Wisconsin 53201

Grumman Aircraft Engineering Corporation, AAP Project-
Future Missions (Mr. J. S. Caraceni, Plant 25), Bethpage,
Long Island, New York 11714



95

96

97
98

99.

100

101

102

103

104

105

106

107

108

109

110

QE/C 69-968

Gulton Industries, Alkaline Battery Division (Dr. H. N.
Seiger), 1 Gulton Street, Metuchen, New Jersey 08840

Honeywell, Incorporated, Livingston Electronic Laboratory
(Library), Montgomeryville, Pennsylvania 18936

Dr. P. L. Howard, Centreville, Maryland 21617

Hughes Aircraft Corporation (Mr. M. E. E1lion, Bldg. 366,
M.S. 5240, E1 Segundo, California 90245

ITT Research Institute (Dr. H. T. Francis), 10 West 35th
Street, Chicago, I1linois 60616

Idaho State University, Department of Chemistry
(Dr. G. Myron Arcand), Pocatello, Idaho 82301

Institute for Defense Analyses (Mr. R. Hamilton),
400 Army-Navy Drive, Arlinaton, Virginia 22202

Institute for Defense Analyses (Dr. R. Briceland),
400 Army-Navy Drive, Arlington, Virginia 22202

International Nickel Company (Mr. William C. Mearns),
1000-16th Street, N.W., Washington, D. C. 20036

Johns Hopkins University, Anplied Physics Laboratory
(Mr. Richard E. Evans), 8621 Georgia Avenue, Silver
Spring, Maryland 20910

Leesona loos Laboratories (Dr. A. Moos), Lake Success
Park, Community Drive, Great MNeck, New York 11021

Arthur D. Little, Incorporated (Dr. James D. Birkett),
Acorn Park, Cambridge, Massachusetts 02140

Lockheed Missiles and Space Company (Mr. Robert E. Corbett,
Dept. 62-23, Bldg. 154), P. 0. Box 504, Sunnyvale,
California 94088

Mallory Battery Company (Mr. R. R. Clune), So. Broadway and
Sunnyside Lane, Tarryton, New York 10531

P. R. Mallory and Co., Inc. (Dr. Per Bro), Northwest
Industrial Park, Burlington, Massachusetts 01801

P. R. Mallory and Co., Inc. (Technical Librarian),
3029 E. Washington Street, Indianapolis, Indiana 46206



m

112

113

114

16
17
118
119

120

121

122
123

124

QE/C 69-968

Martin-Marietta Corporation (Mr. William B. Collins,
M.S. 1620 and Mr. M. S. Imamura, M.S. 8840).
P. 0. Box 179, Denver, Colorado 80201

Mauchly Associates, Inc. (Mr. John Waite)., Montgomeryville
Industrial Center, P. 0. Box 279, Montgomeryville,
Pennsylvania 18936

McDonnell Douglas, Astropower Laboratory (Dr. George HMoe),
2121 Campus Drive, Newport Beach, California 92663

North American Aviation Co., S & ID Division (Dr. James
Nash), Downey, California 90241

Philco-Ford Corporation, Space Power and Prop. Department
(M.S. W-49, Mr. D. C. Briggs), 3825 Fabian Way, Palo Alto,
California 94303

Power Information Center, University City Science
Institute, Room 2107, 3401 Market Street, Philadelphia,
Pennsylvania 19104

Prime Battery Corporation, 15600 Cornet Street,
Santa Fe Springs, California 90670

RAI Research Corporation, 36-40 37th Street, Long Island
City, New York 11101

Sonotone Corporation (Mr. A. Mundel), Saw Mill River
Road, Elmsford, New York 10523

Southwest Research Institute (Library), 8500 Culebra
Road, San Antonio, Texas 78206

Texas Instruments, Inc., Metals and Controls Division
(Dr. E. J. Jost), 34 Forest Street, Attleboro,
Massachusetts 02703

TRW Systems, Inc. (Dr. A. Krausz, Bldg. 60, Room 1047),
One Space Park, Redondo Beach, California 90278

TRW Systems, Inc. (Dr. Herbert P. Silverman), (R-1/2094),
One Space Park, Redondo Beach, California 90278

TRW, Inc. (Librarian), 23555 Euclid Avenue, Cleveland,
Ohio 44117



125

126

127

128

129

130

131

132

QE/C 69-968

Tyco Laboratories, Inc. (Dr. A. C. Makrides), Bear Hill,
Hickory Drive, Waltham, Massachusetts 02154

Unified Sciences Associates, Inc. (Dr. S. Naiditch),
2925 E. Foothill Boulevard, Pasadena, California 91107

Union Carbide Corpokation, Development Laboratory
Library, P. 0. Box 5056, Cleveland, Ohio 44101

Union Carbide Corporation, Consumer Products Division
(Dr. Robert Powers), P. 0. Box 6166, Cleveland,
Ohio 44101

University of Pennsylvania, Electrochemistry Laboratory
(Prof. John 0'M. Bockris), Philadelphia,
Pennsylvania 19104

Westindhouse Electric Corporation, Research and
Development Center (Dr. C. C. Hein, Contract Admin.),
Churchill Borough, Pittsburg, Pennsylvania 15235

Hhittaker Corporation, Narmco R & D Division
(Dr. M. Shaw), 12032 Vose Street, North Hollywood,
California 91605

Whittaker Corporation, Power Sources Division
(Mr. J. H. Reiter), 3850 Olive Street, Denver,
Colorado 80237



